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1. Introduction
[bookmark: Proposal_Beacon]Currently, the UE’s Main Radio (MR) needs to periodically wake up once per DRX cycle, which dominates the power consumption in periods with no signaling or data traffic. If the UE’s MR can wake up only when they are triggered (e.g. paging), power consumption could be dramatically reduced. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on [1]. The following conclusions were drawn from the post-meeting long email discussion ([Post123][060][LPWUS] Low-power receiver in RRC Connected (Qualcomm)) [2]:
Agreements:
· Network can configure LP-WUS outside DRX active time. In that case, LP-WUS can wake up MR to start procedures related to DRX timer(s). FFS which timer and whether/how it may co-exist with R16 DCP.
· RAN2 study whether/how LP-WUS may be used in conjunction with legacy UE power saving techniques. FFS with which technique(s) and what impact it may have on MAC.
· Postpone study on the use of LP-WUR for RRM measurements in RRC Connected until its feasibility is confirmed by RAN1 and RAN4.
· In addition to the options agreed by RAN1 for de-/activating LP-WUS monitoring, UL transmission by MR also de-activates the monitoring of LP-WUS.

This contribution looks at the possible RRC Connected Mode procedures for an LP-WUR enabled UE including the use of LP-WUS in Connected Mode DRX and MR wake-up enhancements when LP-WUS is deactivated. 
2. Discussion
2.1. LP-WUS for Connected-Mode DRX
[bookmark: _Hlk118269482]As mentioned above, it has been agreed in the previous meeting that the UE will use LP-WUS when some preconfigured condition(s) are fulfilled. As per the R16 power saving item, in RRC Connected Mode, the MR may be configured with a DCI 2_6 (Wake-Up Signal). This DCI format 2_6 is monitored outside of the DRX active time to decide whether the MR needs to be woken up in the next DRX onDuration. RAN2 should discuss how the UE may use the LP-WUS to wake up the MR such that the power saving gain achieved by using the LR must be higher than the power saving gain achieved by using only the DCI format 2_6, at the least.  
In this contribution, we propose two alternatives to use the LP-WUS to wake up the MR either by itself or in conjunction with the existing DCI format 2_6. 
Alternative 1: LP-WUS replaces the DCI format 2_6 to wake up the MR. 
In this alternative, the LP-WUS signal is used to wake up the MR when there is some data available for the UE, i.e., the MR is woken up in the next DRX ON Duration. If there is no data available for the UE, the MR is allowed to continue remaining in sleep mode, where the sleep mode may be micro/ light/ deep sleep. Here, the LP-WUS replaces the DCI format 2_6 signal. Here, the power saving gain achieved is maximum as the MR only wakes up when there is data available for it, and the LP-WUS is used to indicate this. With this alternative, the fallback mechanism when UE moves out of LR coverage can be to use the legacy DCI 2_6 signal. 

 Alternative 2: LP-WUS can indicate to MR whether to monitor the DCI 2_6 signal that determines if the MR enters DRX ON Duration. 
In this alternative, the LP-WUS signal can be used to indicate whether the MR needs to monitor for the DCI 2_6 signal outside of the DRX active time. If the LP-WUS indicates to monitor for DCI 2_6, the DCI 2_6 signal then determines whether the MR enters DRX ON Duration in the next DRX cycle.  If the LP-WUS indicates that DCI 2_6 need not be monitored, the MR remains in sleep mode where sleep mode may be micro/ light/ deep sleep. With this alternative, the power saving gain is slightly reduced in comparison to Alternative 1. This alternative may be beneficial when combined with subgrouping such that a group of UEs that are expecting similar data traffic at the same time could be indicated by the LP-WUS to monitor for DCI 2_6 and the remaining UEs may continue to sleep. 
Hence, RAN 2 should discuss how LP-WUS may be used for DRX in RRC Connected Mode. 
RAN2 to discuss and evaluate the following alternatives for the use of LP-WUS in DRX:
· Alt 1:  LP-WUS replaces DCI 2_6 signal. 
· Alt 2: LP-WUS is used in conjunction with the DCI 2_6 signal. 
2.2. MR wake-up due to UL data
After the previous RAN 2 meeting, it has been concluded that LP-WUS monitoring is deactivated when the MR performs some UL data transmission. This also means that when new UL data becomes available for transmission, it can be considered as an implicit indication to wake-up the MR in addition to the wake-up indicated by the LP-WUS signal itself. 
This implicit and/ or explicit indication to wake-up may result in a frequent wake-up of MR whenever new data becomes available for transmission after LP-WUS activation leading to a reduction in the power saving gain offered by configuring the LP-WUR. 
Observation 1 [bookmark: _Hlk146806920]Frequent wake-up of MR caused by UL transmission can lead to a reduction in the power saving gain offered by LP-WUR configuration. 
Hence, some enhancements may be considered in the wake-up behavior of the MR to optimize the power saving gain even when some UL transmission needs to take place. For example, one way to avoid reduction in the power saving gain is by delaying the MR wake-up when new UL data becomes available for transmission (especially if the data that arrived is not urgent), i.e., the wake-up may be postponed until absolutely necessary. 
Hence, RAN 2 should discuss how MR wake-up may be optimized which causes LP-WUS deactivation due to UL transmission. 
[bookmark: _Hlk146807035][bookmark: _Hlk146875232][bookmark: _Hlk142471815]RAN2 to study means of improving MR sleep time which may otherwise be reduced whenever new data becomes available for transmission.
3. Conclusion

This document discusses some procedures for a LR capable UE in the RRC Connected Mode. Following are the proposals and observations made in this document:
Proposal 1: RAN2 to discuss and evaluate the following alternatives for the use of LP-WUS in DRX:
· Alt 1:  LP-WUS replaces DCI 2_6 signal. 
· Alt 2: LP-WUS is used in conjunction with the DCI 2_6 signal. 
Observation 1: Frequent wake-up of MR caused by UL transmission can lead to a reduction in the power saving gain offered by LP-WUR configuration. 
Proposal 2: RAN2 to study means of improving MR sleep time which may otherwise be reduced whenever new data becomes available for transmission.

4. References

[1] 3GPP TR 38.869 v0.2.0: Study on low-power wake up signal and receiver for NR (Release 18)
[2] R2-2309492

